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1. Introduction

A. Background and Motivation

The National Ocean and Atmospheric Administration Fisheries (NOAA-Fisheries, formerly
NMFS) and the Federal Columbia River Power System (FCRPS) Action Agencies (AA)
(Bonneville Power Administration (BPA), Corps of Engineers (Corps), and Bureau of
Reclamation (BOR)) are working together to design and implement a Research, Monitoring and
Evauation (RME) Plan that is called for under the NOAA-Fisheries 2000 FCRPS Biological
Opinion (BiOp)! and the Federal Columbia River Salmon Recovery Strategy (All-H Strategy) 2.
The resulting RME program is intended to provide information needed for assessment of
Endangered Species Act (ESA)-listed Columbia Basin salmon and steelhead populations at the
2005- and 2008-year NOAA-Fisheries BiOp check-in evaluations. In addition, this program will
also result in the identification and prioritization of actions that are the most effective towards
improved stock performance and will provide information for the 2010 NOAA-Fisheries
Biological Opinion. Significant elements of the RME program are identified through a number
of specific action items called for within the NOAA-Fisheries BiOp Reasonable and Prudent
Alternative (RPA). Of the 199 RPA actions listed in the BiOp, RPA actions 158-162 and 179-
199 are explicit to RME.

This document defines an RME program that is limited to the specific requirements of the
NOAA-Fisheries FCRPS BiOp. Additional RME requirements of the U.S. Fish and Wildlife
Service (USFWS) FCRPS BiOp for ESA-listed resident fish will be integrated with this RME
program as they are developed in coordination with resident fish recovery planning. This RME
program will also be integrated with the broader RME needs of the Federa All-H Strategy and
the Northwest Power and Conservation Council’s (NPCC) Fish and Wildlife (F&W) Program, in
coordination with other regional Federal, state and tribal RME programs. The AAs and NOAA-
Fisheries are working with these other regiona entities to identify areas of program overlap,
coordination efficiencies and funding responsibilities.

The NOAA-Fisheries FCRPS BiOp assessment and resulting RPA are based on the best
available scientific information but recognize substantial uncertainty that must be addressed
through (1) biological and physical performance standards, (2) a mid-point evaluation check-in
process and (3) aresearch, monitoring and evaluation program. The BiOp identifies
performance standards for population status (trends and growth rates), hydro-system survival
improvements and offsite mitigation survival improvements. Additional biological and physical
performance standards for hydro, hatchery, harvest, and habitat actions are being developed in
2003. These performance standards will be checked with periodic evaluations that rely on
research and monitoring of performance. Figure 1.1 below showing Figure 9.5-2 in Section
9.5.1 of the BiOp depicts the linkage among the performance standards, eval uations and
subsequent decisions. This RME Plan is designed to support the evaluation process and address
the uncertainties in the RPA.

1 http:/Avww.nwr.noaa.gov/ 1hydrop/hydroweb/docs/Final/2000Biop.html
2 hitp://www.sal monrecovery.gov/strategy.shtml
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The RME program describes six principal components that must be addressed to meet the BiOp
requirements: (1) Population and Environmental Status Monitoring, (2) Action Effectiveness
Research, (3) Critical Uncertainty Research, (4) Project Implementation Monitoring, (5) Data
Management and (6) Regional Coordination. The RME Plan addresses each of these six
principal components within a common format by: (i) identifying the RME requirements of the
BiOp specific to that component; (ii) identifying ongoing and planned research or monitoring
projects that address these RME requirements within the Corps' Anadromous Fish Evaluation
Program (AFEP) forum, BOR'’s priority subbasin program, and the BPA-funded NPCC’s Fish
and Wildlife Program,; (iii) comparing the RME requirements of the BiOp with the existing and
planned research projects to identify gaps in existing coverage; and (iv) recommending any
necessary additional research or changes to planned research to meet these gaps.

The RME program requires the development of new efforts and the revision of some ongoing
efforts, as well as the continuation of certain established monitoring activities. Where possible,
some existing projects can ater scope and revise work statements to more closely address RME
BiOp requirements. RME requirements are being implemented to the greatest extent possible
through existing AA and NOAA-Fisheries funding processes. 3 If gaps in BiOp requirements
cannot be met through the existing AA and NOAA-Fisheries funding processes (i.e., NPCC
F&W Program Provincial Review Process or Congressional appropriations process), a special,
targeted request for proposals (RFP) or qualifications (RFQ) may be developed as a means to fill
these gaps. An independent scientific review process typically accompanies this implementation
process.

B. RME Plan Core Scientific Principals

The RME Plan recognizes three critically important features of aregional RME program,
features that are key to the success of the program. Firstly, that all RME data collection efforts
be designed to generate data of known accuracy and precision. Secondly, to detect the biological
impact of management actions, these actions must be implemented within a Columbia River
basin-wide experimental framework. Finally, without proper, regional data management, the
ability to evaluate monitoring data will be critically compromised.

Monitoring data that |acks an accompanying accuracy and precision assessmentsis of far less
utility for resource management decision making than similar data with known confidence.
While it isimpossible to know with absolute certainty the accuracy and precision of any data,
under established sampling and error measurement approaches confidence levels for monitoring
data can be generated that make the information far more powerful in a management context.
While not necessarily specifying required confidence levels, the RME Plan is built on the
principal of generating data with measured accuracy and precision.

3 Duri ng the months of September, October, and November of 2003, this RME Plan is being reviewed by the Independent
Scientific Advisory Board (1SAB), the Independent Scientific Review Panel (ISRP), the state and tribal fish agencies through the
CBFWA Caollaborative Monitoring Project, the lead staff of the state monitoring programs of Oregon, Washington, and Idaho,
and other Federal Caucus agencies (USFWS, EPA, BLM, USFS, BIA). Upon completion of this review and any needed changes,
there are plans for a series of workshops to be held through the Northwest Power and Conservation Council to work with ongoing
RME projects under the Columbia Basin Fish and Wildlife Program. The objective of these meetings with project sponsorsisto
align these projects to the greatest extent practical with this RME plan and a more programmatic approach to regional RME that
is being coordinated with other federal, state and tribal programs.
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A primary responsibility of the RME program for the BiOp is an assessment of the biological
impact of awide suite of management actions (e.g., hydro-system modifications, off-site
mitigation activities); however, the implementation of these actions is not undertaken within the
large-scale experimental framework necessary to demonstrate their effect. The RME Plan
addresses the effectiveness of management actions given the opportunistic approach to action
implementation, but also identifies where a coordinated approach to action implementation
would vastly improve the ability to assess their effectiveness.

The RME Plan describes numerous data collection efforts, all in response to the requirements of
BiOp eva uation procedures. These myriad data types are directly linked to the analytical
framework that supports the BiOp implementation performance evaluation. To be used in this
manner the data must be compiled, spatially-referenced, cross-referenced, include QA/QC
protocols, and made available in a distributable, searchable fashion — in other words, a formal
data management process is required as part of the BiOp RME program.

C.RME Plan Framework

The RME Plan identifies six principal components and the associated sub-components that must
be addressed to meet the BiOp requirements:

1. Populations and Environmental Status Monitoring — abundance, trend and condition of fish
populations and key environmental attributes.

Ecosystem/L andscape — broad-scale, periodic monitoring (Tier 1 @ BiOp)
Geographic Zone — localized, frequent monitoring (Tier 2 @ BiOp)

- Tributary Habitat

- Hydro-corridor

- Estuary/Ocean

2. Action Effectiveness Research (Tier 3@ BiOp) — effects of hydro and offsite mitigation
actions on fish survival and habitat attributes.

Hydro
Habitat
Hatchery
Harvest

3. Critical Uncertainty Research— addresses key uncertainties in population survival
assessments (e.g., “D,” extra mortality, hatchery spawner reproductive success, etc.)

4. | mplementation/Compliance Monitoring — tracking execution of management actions

5. DataManagement — support system for data storage and access

6. Regional Coordination— across the various Federal, State and Tribal RME programs

1. FCRPS BiOp RME PLAN —INTRODUCTION 4



Two of the components, Action Effectiveness Research (AER) and Critical Uncertainty Research
(CUR), are distinguishable from status monitoring activities in that some evaluations may

require formal experiments and rigorous statistical analyses. However, AER and CUR
complement and sometimes depend on status monitoring for baseline conditions. In some cases,
indicators tracked for status monitoring may also apply to action effectiveness and critical
uncertainties research and vice versa. However, the objectives and scopes of those monitoring
components differ from status monitoring in terms of spatial and temporal sampling and the
required statistical framework.

Six workgroups were formed to draft the principle RME components and sub-components of the
RME Program. These workgroups wrote the technical sections of the BiOp RME Plan and could
form the core of technical teams to guide the further development and implementation of the
BiOp RME program. The six workgroups were:

1. Population and Environmental Status Monitoring Workgroup
Status Monitoring Ecosystem/L andscape component
Tributary Habitat Geographic Zone subcomponent

2. Action Effectiveness Research (AER) Workgroup — tributary habitat actions
Action Effectiveness Research at the Tributary Habitat sub-component

3. Hydro Workgroup
Status Monitoring for the Hydro-corridor geographic zone
Action Effectiveness Research at the Hydro action sub-component
Critical Uncertainty Research for extra mortality (EM) and delayed transport effects “D”

4. Estuary/Ocean Workgroup
Status Monitoring for the Estuary/Ocean geographic zone
Action Effectiveness Research at the Estuary/Ocean Habitat subcomponent
Critical uncertainties that involve processes that may be manifested in the estuary/ocean
because of effects that originate upstream

5. Hatchery- Harvest Workgroup
Action Effectiveness Research as it pertains to hatchery reforms and conservation
hatcheries, and the effectiveness of harvest reforms in limiting impacts on listed fish
while alowing harvest of abundant runs
Critical Uncertainty Research with respect to reproductive success of hatchery fish
spawning in the wild

6. Data Management Workgroup
Data Management and I mplementation Monitoring components

The structure of the BiOp RME Plan follows that of the workgroups with the following three
variations:

Of the six principal components of the BiOp RME Plan identified above, two were not
addressed by the technical workgroups, |mplementation/Compliance Monitoring and
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Regional Coordination. These components represent areas of ongoing devel opment by
the BiOp Action Agencies. An overview of current and planned activitiesis presented in
the Overview section below. The remaining four components were addressed by the
technical workgroups. The Overview section introduces the technical sections that
follow and highlights key recommendations from each workgroup’s RME plan.

Dueto strongly overlapping programs, the RME plans from the Status Monitoring and
tributary action AER workgroups were combined into a Tributary RME plan.

The RME plan from the Estuary and Ocean workgroup is undergoing separate review by
regional entities, and for the moment, has been decoupled from this draft of the BiOp
RME Plan. 4 In the future, it will be reintegrated to ensure compliance with the
recommendations from the Hydro-system RME plan and consistency with other status
and AER components of the overall BiOp RME Plan.

4 The Estuary and Ocean RME Workgroup Plan will be submitted separately to the ISAB and ISRP for review in October 2003.
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2. Overview of BiOp RME Plan

A. Tributary RME

The goal of the tributary monitoring program, as proposed under the NOAA -Fisheries 2000
Federal Columbia River Power System Biological Opinion (FCRPS BiOp), isto provide the
necessary data for resolving a wide range of uncertainties, determining population status,
establishing the baseline for the causal relationships between habitat attributes and population
response, and assessing the impact of management activities, in particular habitat restoration
actions.

The FCRPS BiOp outlines a hierarchical comprehensive monitoring and evaluation program.
The program consists of three levels of effort: (i) a broadscale assessment of ecosystem status,
(i) an annual sampling of the status of fish populations and their habitat, and (iii) the
effectiveness of specific recovery actions. The first two components form the Population and
Environmental Status Monitoring Program, while the third component is addressed in the Action
Effectiveness Research program.

The Tributary RME plan outlines an approach for developing a Columbia Rive basin-wide status
and trends monitoring program to address the following questions:

Ecosystem status questions:
What is the distribution of adult salmonids?
What is the ecosystem status for Columbia River Basin (CRB) fish populations?

Population and habitat status monitoring questions:
What is the size of CRB fish populations?
What is the annualized growth rate of CRB fish populations?
What is the freshwater productivity (e.g., smolt/female) of CRB fish populations?
What is the age structure of CRB fish populations?
What is the fraction of potential natural spawners that are of hatchery origin?
What is the biological condition of CRB fish spawning and rearing habitat?
What is the chemical water quality in CRB fish spawning and rearing habitat?
What is the physical habitat condition of CRB fish spawning and rearing habitat?

The Tributary RME plan also develops a strategy for ng the effectiveness of tributary
habitat restoration actions. Effectiveness, in this context, is defined as increasing life-stage
survival rates or condition of listed anadromous species, increasing local abundance by attracting
fish to improved habitat or improving environmental conditions. Because any or all of these
indicators of effectiveness could change by chance or due to causes unrelated to habitat actions,
effectiveness must be demonstrated via well-designed experiments—with treatment and control
stes—using a statistically rigorous framework. The Action Effectiveness Research (AER) plan
developed in the Tributary RME plan addresses the issue of effectiveness monitoring and
evaluation at multiple scales such that it is designed to answer the following questions:

1. Did agiven single habitat action work in the sense of increasing local fish abundance or
improving local environmental conditions, compared to a similar, nearby control site?
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2. Did dl actions in aggregate for a given sub-population increase juvenile survival or adult
abundance, compared to a similar sub-population with few or no actions?

3. Did some types of actions (e.g., riparian planting) perform better than other action types (e.g.,
irrigation screening) in improving localized conditions or sub-population juvenile surviva
rates?

4. What contribution did all habitat actions for an entire ESU make toward increasing the ESU-
level population growth rate?

There are many parallels between the tributary research approaches recommended by the ISAB
(ISAB 2003, A review of strategies for recovering tributary habitat) and the tributary RME
outlined in the BiOp RME Plan. The ISAB Tier 2 monitoring uses statistical inference to
extrapolate data from sample sites to larger areas. The BiOp RME Plan recommends the use of
EMAP-style methods for monitoring status and trends of listed populations and their habitats.
Tributary monitoring pilot studies will be used to test the implementation of the status and trend
sampling regime, prior to extending it to larger areas.

The ISAB also recommends two types of Tier 3 (experimental research) monitoring. Thefirstis
a paired treatment/control, watershed scale monitoring/research, in which a single type of habitat
action is applied to alarge number of sites (reaches) and compared to nearby, untreated controls.
The second |SAB research type is intensive watershed monitoring (IWM), where closely spaced
measurements are directed at a few intensively monitored watershed pairs. These approaches are
anal ogous to the two approaches recommended in the BiOp RME Plan. The paired treatment-
control method (ISAB) is very similar to the project-based monitoring, in which a number of
sites with the same type of treatment (e.g., riparian fencing, irrigation screening) will be
systematically compared to similar control sites, across a number of watersheds. The IWM
approach is nearly identical to the watershed-scale approach. Inthe BiOp RME Plan’s
watershed- scale approach, all treatment sites in a given subbasin will be monitored, along with
similar control sites. As with status monitoring, this will also be implemented first with pilot
studies. In both cases, statistical analysis of the results will be needed to provide estimates of the
actions' effects on local environmental conditions, fish distribution and abundance, and life-stage
survival rates. The Tributary Monitoring chapter of the BiOp RME Plan discusses the
monitoring and analysis in more detail.

Tributary RME recommendations

The Tributary RME program for the FCRPS BiOp has a number of specific recommendations
that concern the design and development of atributary monitoring program as well as
recommendations that address the efficient implementation of a consistent Columbia River
basin-wide monitoring program.

Satus and Trends Monitoring

-In order to track the status of a population, spawner escapement and removals en routeto the
spawning ground must be estimated. In addition, it is recommended that reproductive effort

2. FCRPS BiOp RME PLAN —OVERVIEW 8



(e.g., redd counts) be monitored where ever possible to compliment abundance based population
status assessments.

-The abundance of juvenile salmonids in tributary habitatsis a critical indicator of population
productivity.

-Quantifying and characterizing the biological and physical condition of habitat occupied by
listed anadromous salmonidsis critical. These data are required to describe the current
environmental conditions that support native salmonids and to develop associations with
population trends.

-To monitor and evaluate the status and trends of populations and habitat metrics in the most
effective manner, data collection schemes must be capable of generating data of known spatial
and temporal accuracy and precision. The recommended approach to achieve this goal isthe
application of spatially balanced random sampling schemes coupled with field protocols
measurement error assessments.

Habitat Restoration Action Effectiveness Monitoring

-A two-pronged approach to habitat restoration action effectiveness research is recommended.
The first approach is an extensive, watershed- scale top-down approach that monitors all
treatment sites in a given geographic area. The second is an intensive, project-based bottom up
approach that monitors a large number of actions of the same class (e.g., riparian plantings or
irrigation screening) across a broad, possibly discontinuous, region. The recommended
analytical framework for both types of effectiveness monitoring will be aformal Observational
Studies approach.

-Currently the region relies on an opportunistic approach to the implementation of project based
monitoring — projects are not designed, implemented and monitored within the context of a
population, sub-basin or ESU. To be truly effective, restoration action implementation must be
modified such that subbasin scale restoration planning is tightly integrated with the monitoring

program.
Programmatic and | mplementation

-A critical first step in the FCRPS BiOp status monitoring program development is a more
thorough assessment of the gaps that exist between the proposed status monitoring program and
the myriad currently implemented status monitoring programs.

-In addition to the biological and environmental data, a critical part of the effort will be
compiling a detailed inventory of past, current, and planned habitat projects.

-The tributary monitoring outlined in this plan supports the development of a status monitoring
program that would address many of the Columbia River basin Technical Recovery Team's
(TRT) requirements for FCRPS BiOp relevant ESUs except: Snake River sockeye, Snake River
Fall Chinook, and Columbia River chum. These ESUS monitoring needs may be met through
other programs,; however, atargeted assessment of these projects must be done in conjunction
with the TRT’ s data requirements.

2. FCRPS BiOp RME PLAN —OVERVIEW 9



-Based on draft population delineations, factors for decline and viability criteria, the Columbia
River basin TRTs point to severa major short comings in the region’s status monitoring data
collection program. In particular, the Columbia River basin lacks any systematic tributary
habitat survey work that is linked to assessments of aquatic habitat condition. Several other
major data gaps have emerged from the TRTS work to date: a comprehensive assessment of the
fraction of naturally spawning fish of hatchery origin, a comprehensive assessment of the
utilization of mainstem habitat by steelhead, more complete population assessments of steelhead
in general, and better monitoring of natural juvenile fish production and movement at the
tributary level. Therefore, the FCRPS BiOp tributary monitoring program should explicitly
address these issues to better support regional scale recovery planning.

-A programmatic framework that integrates the monitoring of populations and habitat by all
regional federal, state and tribal entitiesis required to cost-effectively achieve the monitoring
objectives of this RME plan. Agreement among regional entities on compatible tributary
monitoring sample designs and data collection protocols is an essential component of this
regional, programmeatic approach. This programmatic framework will be advanced through
independent scientific review and confirmed through contract requirements for funding of
monitoring projects and incorporation into Subbasin Plans under the NPPC Fish and Wildlife
Program.

-Implementation of aregionaly coordinated, programmeatic approach to the Tributary RME is
being tested through pilot projects in the Wenatchee and John Day subbasins, with an additional
subbasin in the Salmon being planned. A Monitoring Strategy for the Wenatchee subbasin pilot
project based on the BiOp RME Plan is currently in draft form and will be made available in
October, 2003.

Data Management
-There is no formal database in place that houses al of the information necessary to generate
annual production, productivity and recovery progress performance metrics for populations,
ESUs and fish habitat. One must be established. Until then, data management options will be

tested and further developed through the Tributary Monitoring pilot projects and the ongoing
coordination with the Columbia Basin Coordinated Information System.

B. Hydro-system RME

The hydro-system RME plan addresses issues that are directly associated with the FCRPS hydro-
system, particularly with respect to effects on life stages directly impacted by the dams and their
operation. The objectives specified in this plan are as follows:

Satisfy hydro-related RME actions presented in the FCRPS BiOp, and

Develop an approach for evaluating progress toward and compliance with survival
performance standards specified in the BiOp.

2. FCRPS BiOp RME PLAN — OVERVIEW 10



In the hydro-corridor, the focus of status monitoring is to document the survival of juveniles and
adults within the FCRPS, and genera environmenta conditions. The BiOp specified target
values or performance standards for survival that NOAA-Fisheries deemed necessary to avoid
further jeopardy to the species. Part of status monitoring will include testing compliance with
those survival standards.

Assessing the effectiveness of hydro-system actions, project reconfigurations and operations is
caled for under sub-strategy 2.3 of the 2003/2003-2007 FCRPS BiOp Implementation Plan (1P).
These field studies focus on structural changes and operations occurring at individual projects.
The vast mgority of these are designed and conducted under the COE Anadromous Fish Passage
Evaluation Program. This plan does not treat those specifically but relies on the established
program to plan that collective research.

Within the hydro-corridor, critical uncertainty research focuses on two key uncertainties as
described in FCRPS BiOp IP sub-strategies 3.3 and 3.4. The research called for under those sub-
strategies is meant to resolve important issues related to delayed effects associated with
transporting smolts (D), and Extra Mortality (EM) attributable to passage through the hydro-
system or different routes in the system that may be expressed in-river or following seawater
entry.

Hydro-system RME recommendations

The hydro-system RME program for the FCRPS BiOp has a number of specific
recommendations that concern the design and development of a RME program as well as
recommendations that address the efficient implementation of a consistent FCRPS monitoring
and evaluation program.

Programmatic and Implementation

-A technical group is required to review all estimates of performance measures, critical
parameters, and compliance tests as they are submitted, ensuring they are sound and consistent
with those prescribed herein. It is recommended that this technical work group be established to
address all of these aspects and other new or ongoing issues associated with the implementation
of the Hydro RME Actions. It is recommended that the NOAA-Fisheries-AA work group that
drafted this plan remain in place to perform these critical tasks.

-All monitoring necessary for generating performance standards and other critical parameters
should continue through at least the decade following the publication of the 2000 BiOp.

-There is a critical need to continue wild fish PIT-tagging for use as a comparison to the current
use of tagged hatchery fish for hydro-system performance assessments. Tracking the
performance of each group through common reaches is the only method by which hatchery
stocks can be assessed as a consistently acceptable surrogate for the wild component of the ESU.

Performance Sandards and Critical Parameter Estimation

-There are no final recommendations for how representative annual estimates of D can be
calculated and applied in atimely manner. However, the following actions are recommended:

2. FCRPS BiOp RME PLAN —OVERVIEW 11



Acquire more reliable D-estimates for wild Snake stream- type populations by increasing
the transported percent of PIT-tagged wild fish arriving at LGR and LGO dams.

By the 2003 check-in, devise a strategy that clearly describes analytical procedures
regarding the application of D at the 2005 and 2008 check-ins.

-Direct survival during transportation is presumed to be a constant 98 percent, but thisvalueis
based on anecdota observations only. It is recommended that some effort should be expended to
empiricaly establish the actual value. It is possible that some of the effect currently designated
as D may be expressed during the collection and transport process.

Evaluation and Assessment

-Recent analytical efforts (Hydro RME plan Attachment 3) show that most conventional testing
procedure will have limited power in testing key hypotheses pertaining to the BiOp hydrosystem
performance standards. The aternative developed involves a suite of tests. Furthermore, the
alternative approach suggests that even these tests may be inappropriate for the application and
recommend that a multi-dimensional framework for testing be explored.

-Given the difficulties and considerable uncertainty associated with annual survival indexing, an
alternative approach for determining if adult passage conditions are satisfactory and in
accordance with BiOp standards is proposed. This aternative approach is more action oriented
and focuses on determining if the recommended passage improvements prescribed in the BiOp
have been adequately implemented. This approach shifts focus from annual survival indexing,
focusing instead on confirming that the suite of adult passage management actions prescribed in
the BiOp are satisfactorily implemented.

-A PIT-tag based survival indexing approach is recommended for use at the 2005 check-in,
including an assessment of its merits and deficiencies at that time. The approach relies on
adjustments (stray, fallback) derived from Radio tag data that are currently needed to adjust PIT
tag data.

Data Management

-There is no formal database in place that houses al of the information necessary to generate
annual survival estimates and hydro-system performance standards. One must be established.

C. Hatchery/Harvest RME

The hatchery- and harvest-related RM E addresses actions 182 and 184, which focus on
hatcheries or hatchery fish, and on action 167, which relates to harvest.

Artificial production of anadromous salmonids has occurred on alarge scale for many yearsin
the Columbia River Basin to mitigate for development and support fisheries. Recently, artificial
production has been seen as atool that might be useful to contribute to recovery of depressed
populations, particularly those listed under the ESA. One result of artificial production,
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intentional in some cases and inadvertent in others, is that many populations in the basin are a
mix of natural-origin and hatchery-origin spawners. This circumstance presents two kinds of
problems, one biological and one data related, that combine to mask the true status of natural
populations in the basin.

The biological aspect of the masking problem stems from peer-reviewed studies indicating that
hatchery-origin spawners have lower reproductive success when they spawn in the wild than
natural-origin spawners. The causes of the differences in reproductive success of wild-spawning
hatchery fish are attributed largely to genetic effects. The data-related, or “counting,” aspect of
the masking problem stems from uncertainty about the numbers of hatchery fish spawning in the
wild and their spatial and temporal distribution. The BiOp calls for studies designed to address
the critical uncertainty regarding the relative reproductive success of hatchery fish spawning in
the wild. The Hatchery/Harvest RME plan outlines the recommended approaches to address the
critical uncertainties surrounding the reproductive effectiveness of wild spawning hatchery fish,
and the potentia population level impacts that may result.

While the reproductive efficacy of hatchery origin fish spawning in the wild is a mgor unknown
impact of hatchery operations, artificial propagation activities can impart other deleterious
genetic, ecological or management effects on natural populations. In recent years, many reforms
have been enacted or proposed that are designed to reduce these del eterious effects and improve
the performance of hatchery fish used in conservation programs, thereby contributing to the
recovery effort. The hypothesisis that deleterious effects of artificial production on listed
populations can be reduced, thereby contributing to areduction in extinction risk for affected
natural populations. For conservation activities, the hypothesisis that properly designed
intervention with artificial production, under certain circumstances, can make a net positive
contribution to recovery of listed populations.

As noted in the BiOp, the fundamental premise underlying hatchery reforms is that artificia
production programs can be operated consistent with and complementary to the goals of the ESA
while still achieving their fishery mitigation objectives. A list of artificial production reforms
designed to reduce ecological, genetic and/or management risks to listed species, and/or to
improve the performance of hatchery fish, is identified in Section 9.6.4.2 of the FCRPS BiOp.
Many of the reforms on this list have been implemented in recent years for some hatchery
programs. Unfortunately, many reforms flow from hypotheses that are difficult to test with
limited empirical data. The Hatchery/Harvest RME plan devel ops a comprehensive RME
approach for evaluating hatchery reforms, particularly in terms of their ultimate efficacy in
reducing extinction risk of listed species and contributing to recovery.

A major, biological issue pertinent to managing fisheries is the extent of incidental mortality
imparted on other species or runs. Incidental mortality estimation is particularly critical to the
development and implementation of new types of selective fisheries necessitated by the presence
of listed species throughout the year in the Columbia River Basin. For catch-and-release
fisheries, accurate estimates of mortality rates of nontargeted fish are difficult to obtain yet are
essentia to determining whether a particular gear or method is suitable for its intended purpose,
i.e., in catching the target species while limiting impacts on listed fish. Many variables impact
these mortality rates, including encounter rates, gear type, handling techniques, temperature and
recapture rates. Though gear development studies pertinent to the Columbia River Basin and
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elsewhere typically focus on immediate and short-term mortality, the critical question relates to
effect on ultimate spawning (reproductive) success. The Hatchery/Harvest RME plan seeksto
improve estimates of incidental mortality rates (in terms of impact on spawning success) for
existing fisheries and to determine or verify ratesin new or experimental fisheries utilizing new
kinds of selective gear and/or methods.

Hatchery/Harvest RME recommendations

The recommendations concern the design and development of a RME program as well as address
the efficient implementation of a consistent FCRPS monitoring and evaluation program.

Programmatic and Implementation

-Additional studies designed to produce quantitative results on the relative reproductive success
of hatchery fish spawning in the wild are needed for the following ESUs or populations: Upper
Columbia steelhead ESU, Mid-Columbia River steelhead ESU; an oceantype Chinook ESU
(either directly involving the Snake River fall Chinook ESU or a suitable representative
population of oceantype fall Chinook) and Columbia River Chum ESU, the latter primarily to
better aid the development of recovery options.

-Based on an assessment of ongoing researchrelative to BiOp needs, it appears that sufficient
studies directed at the effectiveness of conservation hatchery activities are underway. However,
severa issues were identified as gaps relating to the effectiveness of hatchery reformsin
reducing extinction risk. They fall into two categories, the first being more urgent than the
second:

Category 1 (most urgent, i.e., needed for 2003 check-in):

Methodologies or analytical models (e.g., growth rate and extinction risk models) for
synthesizing the results and detecting the effects at the population and ESU levels of a
myriad of hatchery reforms and conservation hatchery activities in terms of their effects
on extinction risk and/or recovery.

Benefit/risk of steelhead kelt reconditioning, including evaluation of the relative
reproductive success of steelhead kelts, as compared to standard broodstock collection
and smolt supplementation techniques, with particular focus on effects on small, natura
steelhead populations.

Category 2
Predation by steelhead smolts on emerging steelhead, Chum, or Chinook fry
Predation by spring Chinook smolts on emerging steelhead, Chum, or Chinook fry
Short-term (but perhaps intensive) competition for food and space between hatchery

releases of steelhead smolts and Chinook smolts and fingerlings and natural-origin fish in
the tributary spawning and rearing habitat.
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-Generally, studies of modified hatchery practices (“reform”) should involve controlled scientific
experiments designed and replicated sufficiently to provide statistically and biologically
meaningful results pertinent to multiple programs. For studies of specific reforms, efficacy must
be evaluated in terms of the specific fish affected by the study, and ultimately, in terms of their
effects on extinction risk and/or recovery. In some cases, particular hatchery reforms or
conservation hatchery activities already have been implemented, and the question is whether
extinction risk was actually reduced or whether the action contributed to recovery. The potential
may exist that useful information could be derived post hoc from actions taken in one areato
inform reforms in other areas, assuming the reforms were accompanied by pertinent M& E.
However, demonstrating the impact of reform-based hatchery operations will be most likely
within studies designed as large-scale, controlled experiments. Since the overriding objectives
are to determine the efficacy of reforms in reducing extinction risk for the affected populations
and ESUs and the efficacy of conservation hatchery activities in contributing to recovery under a
given set of circumstances, it will only be possible to do so when comparing hatchery operation
strategies across multiple populations exposed to a gradient of hatchery practices. Given the
myriad potential confounding factors in such alarge scale experiment, the only practical manner
to approach thisissuesisin situations of extreme contrast in hatchery practice. For example,
natural production/productivity rates for wild populations in subbasins with and without any
hatchery impacts, or natural production/productivity rates in subbasins with conservation vs.
production hatchery practices. To implement this strategy will require significant regional
coordination as existing hatchery operations may need to be modified to generate the proper
setting for evauation.

-In addition to the continuation of existing studies, additional incidental mortality studies should
be undertaken coincident with the development of new selective fishery methods or gear prior to
widespread deployment.

Data Management

-There is no formal database in place that houses all of the information necessary to assess the
performance of hatchery reforms and conservation hatchery programs. The planned HGMP
database may meet this need. If not, an adequate database will need to be established.

D. Data Management

The data management plan presented here specifically addresses the RME section of the BiOp;
however, this description of data management needs is a subset of the overall information needs
for the BiOp. Specifically, the data management plan directly addresses the data requirements
for BiOp Actions 179-199 and complements regional fish and wildlife data- management
requirements. In order to be complementary, other data and information management activities
in the basin have been surveyed and approaches to integrate the proposed BiOp process with
these basinwide activities are presented.

Data Management RME recommendations
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The Data Management RME program for the FCRPS BiOp has a number of specific
recommendations that concern the design and development of aregional RME program as well
as recommendations that address the efficient implementation of a consistent FCRPS monitoring
and evaluation program. Coordination with other Federal, State and Tribal programsis
necessary to take advantage of current monitoring data and overlapping monitoring programs.

Programmatic and Implementation

-Since data management standards do not exist for the BiOp RME process, this plan presents
draft standards as afirst attempt to unify RME implementation planning efforts. The following
general recommended actions reflect the needs assessment within the BiOp RME Plan, as well as
across the region to support and facilitate implementing a BiOp RME data management system.

A more comprehensive scoping of existing regional data- management
projects/goal /needs.

A formal comparison of regional data- management goals/needs compared to the FCRPS
BiOp goas/needs.

The development of an BiOp RME information system architecture or blueprint that is
consistent with regiona needs.

The development/organization of information system capability in a modular fashion so
the system(s) meets the practical needs of the local users while meeting the legal and
administrative requirements of the region.

-Programmeatic commitment to and funding for BiOp RME data management is a critical current
gap in BiOp implementation planning.

E. Project | mplementation/Compliance Monitoring

The objective of this category is to document that managemert actions have been executed as
prescribed in the BiOp. It involves Contract Officers Technical Representatives (COTRS)
tracking the execution and location of the management projects and determining if they arein
compliance with the specifications in the directive or work statement. In some cases, such
compliance monitoring may extend beyond the implementation phase. For example, it will be
necessary to ensure that riparian fencing remains in place for some extended period beyond the
construction phase. A project tracking system has been developed for programmatic BiOp
reporting and continues to be developed further as part of the larger progress reporting
requirements of the Federal Caucus Salmon Strategy. This information on project type and
locationis important for the design and evaluation of action effectiveness research.
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F. Regional Coordination

The preceding sections have described recommendations for further development and
implementation of a comprehensive RME Plan. However, Federal agencies alone cannot
implement such a plan because of limitations on authority and resources. Completion of afinal
plan and successful implementation of that plan will require the active participation and
cooperation of state and tribal entities, as well as other federal agencies. While much work needs
to be done in this area, significant progress towards achieving this coordination has been
accomplished to date.

1. Programmatic Level Coordination

Currently there is a broad patchwork of regional RME efforts in different phases of planning,
development and implementation that could benefit from increased coordination. The NOAA-
Fisheries FCRPS BiOp, the Federa All-H Strategy, and the NPCC Fish and Wildlife Program all
call for RME programs. In addition, there are existing Federal programs that focus on
monitoring freshwater habitat and environmental conditions, such as the USFS and BLM’s
monitoring programs for the Northwest Forest Plan (Aquatic and Riparian Effectiveness
Monitoring Program) and Pacfish/Infish Biological Opinions, the EPA’s Environmental
Monitoring and Assessment Program (EMAP) and the National Park Service Program. The
USFWS s also developing a programmatic monitoring approach for ESA-listed bull trout and
sturgeon. At the state level, Washington and Oregon have formulated their own strategies and
plans for monitoring freshwater habitat conditions and fish populations. In addition, some tribes
have developed their own monitoring programs or strategies. There also are collective efforts
such as the Lower Columbia River Estuary Program (LCREP), a joint program involving
agencies from Washington and Oregon, Federal agencies, and local jurisdictions. These
monitoring programs overlap one another at various spatial and temporal scales (see Figure 2.1).
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Figure 2.1. Regional RME needs- cross cover age.
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The FCRPS BiOp RME Program overlaps with other regional programs having their own needs
and geographic coverage. The NOAA-Fisheries and the AA intend to implement a RME
program, for which major components must be in place by 2003, that addresses the NOAA-
Fisheries BiOp requirements for ESA-listed salmon and steelhead stocks. This RME program
will be coordinated with other Federal, state, and tribal programs and will take advantage of the
current monitoring data and overlapping monitoring programs. NOAA-Fisheries and the AA are
attempting to cooperatively develop the FCRPS RME Plan with the intent that it will also
complement and be integrated within the other regional monitoring activities to the greatest
extent practicable. This coordination will be essential to maximize the amount and quality of
RME across the region within limited budgets. The AA and NOAA-Fisheries recognize that the
various programs have different goals and objectives and that this will preclude region-wide
reliance on any single monitoring program until much broader and comprehensive multi-agency
agreements on RME are developed. As these multiple programs are coordinated, they are
envisioned to form a comprehensive and integrated network.

The goal of regional coordination of Federal, state, and tribal RME requirements and associated
programs includes the following more specific objectives:

Coordinate research methods, data collection and reporting protocols. Recommend ways
to standardize these elements.

Identify opportunities and recommend collaboration or combination of studies to increase
learning and statistical power of studies.

Identify cost-sharing opportunities and agreements.

Provide a point of contact for integrating TRT recovery planning monitoring
requirements with regional monitoring programs.

Assist with integrating F&W Program objectives, funding prioritization and subbasin
planning efforts with other regional RME efforts.
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The development of the AA and NOAA-Fisheries RME Plan is focused on meeting the
requirements of the NOAA-Fisheries BiOp on the FCRPS and the parallel implementation of the
Federal All-H Salmon Strategy. Key components of the RME requirements have been identified
and shared with the region in these two documents and through the annual and 5-year AA BiOp
Implementation Plans®. The framework and elements of this plan are built on similar work
within other regional State, Tribal, and Federal monitoring programs, past experiences with other
RME plans under the Fish and Wildlife Program, and interaction with the ISRP and
recommendations of the ISAB. NOAA Fisheries participation has also provided ongoing
coordination with TRT planning and connections to scientists within the NOAA-Fisheries
Northwest Science Center. Additional regional coordination of programmatic level BiOp critical
RME is planned at the local watershed levels through development of subbasin plans under the
NPCC F&W Program.

2. Satus and Tributary Habitat Action Effectiveness RME Coordination

Several multi-agency coordination groups are meeting to coordinate regional monitoring
programs and strategies. The most prominent of these efforts is the State-Federal- Tribal Aquatic
Monitoring Partnership. This partnership began over ayear ago through coordination of the
USFS and BLM Westside Forest Plan monitoring with the states of Oregon, Washington and
Cdlifornia. This coordination effort has recently expanded to include the PacFish and InFish
(Eastside Federal monitoring program), the AA and NMFS RME Program, the NPCC Fish and
Wildlife Program, and participation by EPA, USGS, CRITFC, and CBFWA. Thisgroup is
pursuing further expansion to other regional states and Tribes that would be interested in
participation. The Federal executives for the Northwest Forest Plan, the Federal Caucus, the
NPCC, and state agency executives have acknowledged that the Partnership is the appropriate
group to undertake coordination of monitoring programs. The State-Federal-Tribal Aquatic
Monitoring Partnership has recently agreed to work together to develop a Pacific Northwest
Regional Monitoring Coordination Plan. Letters of invitation to regional Tribes have recently
been sent to encourage their additiona participation. A Regional RME Coordination White
Paper that identifies a proposed coordination vision statement, objectives, operating principles
and options for various levels of coordination has been drafted. This paper will be used in
additional upcoming Federal, state, and Tribal executive level meetings to advance coordination
of regional RME efforts.

Another parallel regiona monitoring program coordination effort has begun as part of new
Pacific Coast Salmon Recovery Fund (PCSRF) effectiveness reporting requirements that were
recently legislated. This group (Effectiveness Monitoring Policy Group) has been coordinated
through the Washington Governor’s Salmon Recovery Board and includes participants from
Oregon, Washington, California, NOAA-Fisheries, NPCC, BPA, and BOR. Thisgroupis
developing common project implementation reporting metrics and project effectiveness
monitoring indicators using existing work in this area coordinated at the Federal Caucus level to
be used in reporting on project funding and results to Congress, Office of Management and
Budget and the State governors.

In addition to these above efforts, BPA, NOAA-Fisheries, and NPCC staff are discussing with
CBFWA their Mainstem/Systemwide proposal (#35033) for collaborative, systemwide

5 see http://www.sal monrecovery.gov/implementation.shtml
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monitoring and evaluation. This discussion includes how to connect the proposed work to the
AA-NOAA-Fisheries RME Plan, Federal Caucus RME coordination, State-Federal Partnership
coordination, and the PCSRF Reporting coordination. The primary focus of the CBWFA
coordination funded under this proposal will be the development of technical products that will
feed into and be informed by other regional policy and programmatic forums on RME
coordination. We anticipate a major step forward in regional coordination as these coordination
efforts and the CBFWA proposal are clarified and integrated over the next couple of months. As
this effort expands, there will be additional efforts to include RME efforts associated with the
USFWS bull trout recovery planning, NPCC Program, and Tribal RME programs in this
coordination. Direct coordination is envisioned to occur over the next year through the
implementation of the RME Plan status monitoring and action effectiveness research pilot
studies in the John Day, Wenatchee and Upper Salmon (Mainstem/Systemwide proposal 35019).
Key objectives of these pilot projects include working with regiona entities at the
implementation level to identify how best to integrate and coordinate with other RME programs
and objectives.

3. Hydro RME Coordination

Hydro Workgroup activities and deliberations regarding RME have been coordinated with the
COE AFEP and NOAA-Fisheries hydro branches. Coordination with AFEP is primarily
accomplished by having representatives from the COE offices (Walla Walla and Portland) as
official workgroup members. Research funded under AFEP is scrutinized in the context of
priorities and needs of the BiOp RME Plan and includes project and program level reviews that
include participation by state and Tribal fish agencies. Coordination with NOAA-Fisheriesis
accomplished through official membership on the Hydro workgroup from the NOAA-Fisheries
management and research branches. Additional coordination with state and Tribal fish agencies
is planned over the next few months through the expansion of the RME workgroup participation
or through interaction of this group with a hydro subgroup of the CBFWA collaborative,
systemwide monitoring and evaluation project.

4. Hatchery and Harvest RME Coordination

There are no over-arching forums engaged in coordinating RME efforts relating to hatcheries
and harvest. Currently, hatchery and harvest RME activities are implemented by multiple
parties, usually state, Tribal, and federal fish management agencies, acting either separately or
through various multi-party organizations. With respect to hatchery RME efforts, a degree of
coordination does occur through the NPCC’ s Fish and Wildlife Program, in the sense that all
projects funded through the program are subjected to evaluation by the ISRP. Additionally, the
NPCC’s Artificial Production Review process, and NOAA-Fisheries Hatchery Genetic
Management Plan process (per RPA 169), are creating opportunities for greater interaction
among the relevant parties and, potentially, improved coordination of RME efforts relating to
artificial production. However, to implement the large-scale experiments that may be required to
detect the impacts of various hatchery practices, significant regiona coordination will be
required.

Similarly, RME efforts relating to harvest occur in connection with various forums. For

example, the Pacific States Marine Fisheries Commission coordinates tagging and some fishery
monitoring programs, and acts as a collector and repository of coastal-wide catch data used for
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harvest management and stock status assessments. The Pacific Salmon Commission, acting
through its various technical committees, solicits and selects among research projects proposed
and implemented by the states and Tribes in furtherance of agreements relating to the Pacific
Salmon Treaty, such as the Treaty’ s abundance-based Chinook management regime. And, the
severa states and Tribes each conduct RME programs relating to their respective fishery
management needs. The potential exists for greater coordination and integration between these
activities and the RME program prescribed by the BiOp.

5. Estuary/Ocean RME Coordination

Regional coordination of the Estuary/Ocean RME component has been initiated by the BPA and
COE. Currently, the Estuary/Ocean Subgroup informs and receives comments and questions
during monthly meetings of the Lower Columbia River Estuary Partnership's Science Work
Group, abroad-based technical body. The Estuary/Ocean workgroup also intends to involve
state and Tribal fisheries managers in workgroup sessions and review of workgroup products.
Additional coordination on estuary/ocean RME occurs through the CBFWA and | SRP reviews of
NPCC F&W project proposals and through the Corps Anadromous Fish Enhancement Program
review and planning of research projects. Coordination is essential in the estuary/ocean arena, as
elsewhere, due to the myriad ongoing and proposed monitoring efforts by various entities for
various purposes, such astrend analysis of habitat usage by juvenile salmon and effectiveness of
salmon habitat restoration projects.

6. Data Management Coordination
At aregiona level there is a specific objective for RME regional coordination of federal, state,
and tribal data collection and reporting:

Coordinate research methods, data collection and reporting protocols. Recommend ways
to standardize these elements.

At the level of the individual RME work groups there is the need for considerable coordination
of data management between work groups and within work groups, as detailed in the sections 2-
5 immediately above. In addition, at the level of individual RPA’ s there are important data
coordination needs: in particular RPA 198 calls for common data management system for fish
populations, water quality, and habitat data. All of these are substantial requirements creating a
need for extensive coordination that currently does not exist in the basin.

In an effort to understand the requirements of aregional information system, the NOAA-
Fisheries and the NPCC agreed to work together to identify the steps necessary to develop a
regiona information system for the Columbia Basin. In April of 2002 NOAA-Fisheries and the
NPCC agreed on a Memorandum of Understanding and a consultant company, Science
Applications Interretional Corporation (SAIC) was engaged to report on the steps necessary to
develop a cooperative regiona information system for the Columbia Basin. SAIC reported its
findings to NOAA-Fisheries and the NPCC in May 2003, recommending steps for the
establishment of a Columbia Basin Cooperative Information System (CBCIS). These steps are
summarized below (Table 1.). It isimportant to understand that meeting even the most basic

RME goals, there needs to be substantial need to achieve regiona programmatic coordination, let
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alone the steps of achieving standardization of data collection protocols and the actual collection
of data.

The RME Data Management Group, as a part of this RME effort, has recommended that the
CBCIS effort be the basis for the development of the needed RPA 198 action item and as the
foundation for the extensive regional RME coordination necessary to achieve standardization of
data collection and reporting protocols. Achieving the needed level of coordination for RME
will, as afirst step, require agreement by the action agencies to support alevel of regional
information system development that is consistent with the CBCIS recommendations (Table
2.1), and the obligations of the Action Agencies under the Biop.

Table 2.1 Summary of CBCIS Recommendations

1. FOSTER INTEGRATION, COLLABORATION, AND COMMUNICATION

2. INTEGRATE INFORMATION MANAGEMENT WITH BASIN GOALSAND

PERFORMANCE MEASURES

DEVELOP BASINWIDE INFORMATION MANAGEMENT PROTOCOLS

4. COLLABORATEWITH THE FULL SPECTRUM OF INFORMATION

USERS

ENSURE LONG-TERM SUPPORT AND COMMITMENTS

6. MOVE TOWARD A DISTRIBUTED SYSTEM ARCHITECTURE, USING AN
ENTERPRISE APPROACH

7. DESIGN AND DEVELOP INFORMATION SEARCHING (DATA
INDEXING) TOOLS

8. DESIGN AND DEVELOP DECISION-SUPPORT TOOLS LINKED TO
BASIN GOALS, OBJECTIVES AND MEASURES

w

o

In addition to the higher-level coordination efforts through the participation in the development
of aCBCIS, the AA and NMFS are coordinating data management development through the
Tributary Monitoring pilot projects.

7. Coordination Process Groups
Regiona workgroups or committees that the AA and NMFS are participating in or interacting
with to advance coordination of the different components of the RME Plan include:

State-Federal-Tribal Aquatic Monitoring Partnership Group

Primary focus is watershed-condition monitoring coordination but expanding to include
fish and effectiveness monitoring and at a larger geographic area for coordination across
regional RME programs.

Pacific Coast Salmon Recovery Fund Coordination Group

Focused on coordination of common project tracking metrics and action effectiveness
monitoring protocols for the Pacific Coast Salmon Recovery Fund. Initiated by State of
Washington Governor’s Office and NMFS.
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CBFWA Collaborative Project Coordination Workgroups

Two informal workgroups have been meeting. One to advance development of technical
tasks under the project work statement and another to identify policy/programmatic
oversight input that needs to be provided for guidance to the technical level work.

Federal Caucus RME Group
Thisis the current Federal Caucus RME workgroup that will continue to meet on Federa
All-H policy and big picture issues for meeting Federal Caucus RME goals.

Technical Oversight Group
Thisisthe current NMFS/AA RME Planning Group expanded to the Federal Caucus
Level to provide oversight and direction to expanded RME Technical Workgroups.

RME Technical Subgroup
These are the existing NMFS/AA RME Workgroups (Status Monitoring, Tributary

Action Effectiveness Research, Hydro, Hatchery/Harvest, Estuary/Ocean, Data
Management).

Tributary Habitat Status and Action Effectiveness Pilot Project Technical Workgroups
Technical coordination groups within the pilot watersheds that are developing and
implementing the watershed-level monitoring within a programmatic framework.

L CREP Science Work Group

AFEP workgroups

Artificial Production Review Process workgroups

Hatchery Genetic Management Plan workgroups

Pacific States Marine Fisheries Commission

Pacific Salmon Commission Technical Committee

Columbia Basin Coordinated Information System workgroup
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3. Tributary Population and Environmental Status and Restoration Action
Effectiveness M onitoring

A. Introduction

The goal of the tributary monitoring program, as proposed under the NMFS 2000 Federa
Columbia River Power System Biological Opinion (FCRPS BiOp), is to provide the necessary
data for resolving a wide range of uncertainties, determining population status, establishing the
baseline for the causal relationships between habitat attributes and populationresponse, and
assessing the impact of management activities, in particular habitat restoration actions.

The RME Plan for the population and environmental status and habitat restoration action
effectiveness monitoring program of the FCRPS BiOp is organized along the following outline:

A. Introduction.

B. Define the Tributary Status and Habitat Action Effectiveness Monitoring component of the
FCRPS RME program.

C. ldentify performance standards for the Tributary Monitoring program.
D. Guidance for implementing the Tributary Monitoring program.

E. ldentify the degree to which status monitoring is currently being successfully implemented,
including identifying the gaps in current work in terms of occurance/non-occurance as well
as quality. Incomplete or inadequate monitoring programs need to be identified as gaps so
that they may be improved or replaced as necessary to achieve a consistently adequate
monitoring program.

F. Develop Action plan to address gaps identified in (E).

G. Definethe relationship of the Tributary Monitoring program to the other FCRPS RME
components, as well as regional programs. Identify the structure of handling, storing,
disseminating the data generated by the monitoring program so that appropriate evaluation
can progress.

H. ldentify strategies for design of evaluation or decisionmaking and planning tools.

. References.

B. Tributary Status and Habitat Action Effectiveness M onitoring component of the FCRPS
RME program

The FCRPS BiOp outlines a hierarchical comprehensive monitoring and evaluation program.
The program consists of three levels of effort: (i) a broadscal e assessment of ecosystem status,
(i) an annual sampling of the status of fish populations and their habitat, and (iii) the
effectiveness of specific recovery actions. The first two componerts form the Population and
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Environmental Status Monitoring Program, while the third component is addressed in the Action
Effectiveness Research program.

Tributary Status Monitoring

There are several specific calls for the development of a status monitoring program in the
FCRPS BiOp. In particular, Action Items 180 and 181 outline the scope and scale of a
hierarchical monitoring program with two levels of status monitoring (Tierl and Tier2). In
addition, the status monitoring program is further developed in the FCRPS BiOp's Appendix G.
However, the Actions 180 and 181, Appendix G, and the body of the FCRPS BiOp do not fully
specify the details of a comprehensive status monitoring program such that an implementation
plan can be readily developed. The purpose of this document is to specify many of the undefined
aspects of the status monitoring program and outline an action plan for its further development.
Aspects of the status monitoring program that are not fully specified in the BiOp include, but are
not limited to: the form of the landscape scale monitoring, the statistical sampling framework of
the habitat and population monitoring, the indicators to be measured in the habitat, population,
and landscape scale monitoring programs, and the analytical framework for evaluating the data
generated by the status monitoring program.

The status monitoring program for salmonid fishes and their tributary habitat in the Columbia
River basin is designed to address the questions below. Each of these questionsis framed in a
general fashion to allow for geographic, logistical and biological constraints. For example, the
gpatial scale for many of the questions is either population, subbasin or ESU, depending on the
most appropriate or convenient scale at which to collect the required response variable. Policy
and technical representatives of the management entities must first work together to specify both
the level of acceptable risk (uncertainty) for making management decisions and the costs that
they are willing to bear for a monitoring program. Within these constraints, the accuracy and
precision of all measurements must be specified in order to design the data collection scheme
and to allow the development of confidence intervals for analyses based on these data.

Ecosystem status questions:
What is the distribution of adult salmonid fishes?

measured variate(s): presence/absence of adult salmonid fishes
spatial scale: Columbia River system, ESU

accuracy and precision: census

temporal scale: sampling on 3 -5 year cycle

What is the ecosystem status for Columbia River Basin (CRB) fish populations?
measured variate(s): Geology/Soils, Land classification, Stream network, DEM, Road, Land ownership
spatial scale: Columbia River system, ESU
accuracy and precision: census
temporal scale: sampling on 5+ year cycle

Population and habitat status monitoring questions:
What is the size of CRB fish populations?

measured variate(s): numbers of adults, spawners or redds

spatial scale: population, sub basin, ESU

accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: annual samples

What is the annualized growth rate of CRB fish populations?
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measured variate(s): numbers of adults, spawners or redds

spatial scale: population, sub basin, ESU

accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: trend in annual samples over at least 10 year period

What is the freshwater productivity (e.g., smolt/female) of CRB fish populations?

measured variate(s): index of juvenile population

spatial scale: population, subbasin, ESU

accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: annual samples

What is the age-structure of CRB fish populations?
measured variate(s): age of returning adults
spatial scale: population, subbasin, ESU
accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: annual samples

What is the fraction of potential natural spawners that are of hatchery origin?
measured variate(s): fraction of escapement that is of hatchery origin
spatial scale: population, subbasin, ESU
accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: annual samples

What is the biological condition of CRB fish spawning and rearing habitat?
measured variate(s): macroinvertebrate, amphibian and fish assemblages
spatial scale: subbasin, watershed
accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: annua samples

What is the chemica water quality in CRB fish spawning and rearing habitat?

measured variate(s): DO, pH, Conductivity, Nutrients, Solids, Pesticide and heavy metal conc., Temp.

spatial scale: subbasin, watershed
accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: annual samples

What is the physical habitat condition of CRB fish spawning and rearing habitat?

measured variate(s): Channel Form, Valley Form, Valley Width Index, Geomorphic channel units,

Channel Substrate, Canopy cover, Large woody debris, Riparian vegetation, Land use,
Number of diversions or dams, Assessment of erosion processes, Channel modification,

Instream flow
spatial scale: sub basin, watershed
accuracy and precision: unbiased estimate with known sampling and measurement error
temporal scale: annual samples

Tributary Effectiveness Monitoring (Action Effectiveness Resear ch)

Managers often implement habitat actions (e.g., riparian enhancement) within tributary streams
to improve habitat conditions for one or more fish species. While it is generally assumed that the
improved habitat conditions will in turn improve the survival or production of the species,
empirical studies that demonstrate this are exceedingly rare. In fact, Bayley (2002) reviewed
almost 2,500 references and found only a handful that addressed the effectiveness of habitat
work in tributaries. Because different habitat actions have unknown effects on fish populations,

there is a need to demonstrate their effects on fish populations within tributary streams.
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Effectiveness monitoring encompasses a suite of methods for evaluating whether some action
achieved the desired effect or goal. The success or failure of an action is assessed by comparing
treated sites with controls, baseline conditions, or desired future conditions. As such,
effectiveness monitoring, as defined in this plan, encompasses the essence of experiment driven
research. To capture this approach, effectiveness monitoring is referred to as “Action
Effectiveness Research” (AER) — data will be collected within an experimental design, actions
will be evaluated with respect to control sites, variability in the data will be described, and
decision making will be based on established rules of scientific inference and statistical
confidence.

The overall purpose of the research plan described here is straight-forward: to rigorously assess
whether or not tributary habitat actions improve environmental conditions and increase life-stage
survival rates, thereby reducing the likelihood of extinction for listed stocks. No previous
research program has tried to estimate environmental or fish survival effects of habitat actions on
the scale that is required by the 2000 NMFS Federa Columbia River Power System Biological
Opinion (BiOp). Thiswill present substantial managerial, logistical, and scientific challenges.

The establishment of arigorous AER program is called for in Section 9.4.2.8 of the 2000 NMFS
Biological Opinion:

Action 9: The Adion Agencies, with assistance from NMFSand USFWS, shall annually
develop 1- and 5 year plans for research, monitoring, and evaluation to further develop and
to determine the effectiveness of the suite of actionsin this RPA.

The BiOp also sets a timetable for the development of a monitoring program, and defines the
scope for effectiveness monitoring.

Research, monitoring, and evaluation will provide data for resolving a
wide range of uncertainties, including...establishing causal
relationships between habitat (or other) attributes and population
response, and assessing the effectiveness of management actions.
Progress on resolving these uncertainties will be a primary
consideration in the 1- and 5-year planning process as well asin the
5- and 8-year check-ins. (BiOp, page 9-31)

Research on tributary mitigation actions is specifically identified in Reasonable and Prudent
Alternative (RPA) Action 183:

Action 183: Initiate at least threetier 3 studies ¢ (each necessarily comprising several sites)
within each ESU (a single action may affect more than one ESU). In addition, at |east two
studies focusing on each major management action must take place within the Columbia
River basin. The Action Agencies shall work with NMFS and the Technical Recovery Teams

6 Note that “Tier 3" refersto action effectiveness. The research described here assumes that habitat actions are actualy
implemented as planned, or, alternatively, that researchers will be aware of actions that were planned, but, for whatever reason,
were not actually carried out on schedule.
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to identify key studies in the 1-year plan. Those studies will be implemented no later than
2003.

Categories of management actions discussed in Action 183 include:

1. Instream flow 5. Sediment reduction
2. Nutrient enhancement 6. Riparian buffer
3. Barrier removal 7. Instream structure
4. Diversion screen 8. Water quality improvement

In addition, Section 9.6.5.3.3 of the BiOp states that:

Each major habitat or hatchery management action should be
assessed immediately to obtain enough information for a complete
evaluation at the 5- and 8-year check-in points. (BiOp, page 9-170)

For the purposes of establishing avalid AER program, Action 183 is distilled into two primary
goals.

1. Evaluate the contribution of tributary actions toward meeting fish population targets for the
5-year and 8-year check-ins (e.g., answers the question, “are projects in aggregate improving
fish populations?’).

2. Develop information on the utility of categories of habitat actions to facilitate strategic
planning for future habitat mitigation activities (e.g., answers the question, “do barrier
removal projects generally work, and if so or if not, under what conditions?’).

These two goals place different demands on the scope of the AER program and the design of
monitoring plans for individual actions.

C. Tributary Status and Effectiveness M onitoring Performance Standards and Indicators

The FCRPS BiOp uses Performance Standards as the metric by which implementation of the
RPA Actions will be assessed. Performance standards for the RPA Actions derive from the
biological requirements of the listed populations for their entire life-cycle as well as at particular
isolated life stages. FCRPS BiOp performance standards are defined in three tiers. The most
generd tier is the population level performance standards. These standards define the
performance needed for the listed population to achieve adequate likelihoods of survival and
recovery. Life-stage-specific performance standards at the intermediate tier allocate across the
life cycle the performance expectations necessary to achieve the population-level standards.
This tier guides the development of performance standards for categories of actions in habitat,
harvest hatcheries, and hydropower. The third-tier standards are intended to achieve the life-
stage standards. In addition, the FCRPS BiOp explicitly calls for particular biological indicators
to be monitored in order to address specific tests that will be applied at the out-year biological
check-ins. At thisleve there are four specific population level check-ins requiring population
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numbers and productivity assessments (FCRPS BiOp, 9.2.2.1). Satisfying these check-in
assessments arises directly from the status monitoring program.

In order to accomplish the required data collection and evaluation implied by the FCRPS BiOp
life-cycle and life-stage performance standards the tributary monitoring program itself requires
standards of performance. These standards specify the design of the status and effectiveness
monitoring programs, for example the spatial and temporal resolution, as well as the acceptable
levels of measurement and sampling error for each indicator. Ideally these design performance
standards would be established by working back from data needs specified by FCRPS BiOp
check-in assessments and other management decision points. However, the analytical
approaches underlying the evaluation phase of the monitoring program are not fully established.
Therefore, some of the performance standards advanced in the FCRPS BiOp RME Plan are to be
determined during pilot implementation of the tributary monitoring program, some are specified
as commonly accepted values, while others are unknown prior to a complete assessment of the
monitoring program.

Population Level Performance Standards

In accordance with 2000 FCRPS BiOp, the anadromous salmonid monitoring program under the
Action Agencies Implementation Plan must collect data to answer the following four questions at
the 2005 and 2008 check-in evaluations. These questions constitute quantitative tests, and they
are specified as requirements for assessing the status of ESA listed salmonid species in the
Columbia River Basin (FCRPS BiOp, 9.2.2.1).

1. Istheannual population growth rate greater in 2005 and 2008 than during the base period
(1980 — 2000)?

2. Isthe annua population growth rate in 2005 and 2008 greater than or equal to the projected
growth rate based on improvements from actions taken in the 1995 biological opinion,
reductions in harvest that occurred after 2000, and the survival standards in the Mid-
Columbia Habitat Conservation Plan?

3. Isthe projected annual population growth rate in 2005 and 2008 (based on best available
information about the expected effects of hydro and off-sight mitigation actions and other
regioral actions under the All-H strategy) equal to or greater than the growth rates believed
necessary to achieve the 48-year recovery criteria?

4. Isthe annual adult return of wild fish as represented by the 5-year geometric mean for each
ESU and population greater than the ESU and population size (5-year geometric mean) in
20007

To address these standards, the Actions Agencies must measure and document the change in
population status by monitoring adult abundance. This requires enumerating (census of all
adults), or estimating via a statistically rigorous sampling program, adult abundance on an annual
basis. What is unclear at present is the scale (population/subbasin/ESU) and precision (+/- 10%,
20%, 30%) of the monitoring for each ESU. Additionally, the BiOp specifies that the evaluation
procedure will result from regiona discussions. Therefore, the strict reliance on adult abundance
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measures could change, requiring the collection of additional population information as part of
the status monitoring program. However, since initial ESU status determinations were based on
existing data collection approaches it is sensible to continue collecting data in the same manner
(e.g., index arearedd counts), while pilot studies of more statistically-based methods get
underway. One task for these pilot studies will be to systematically compare existing methods,
with their long, relatively consist time series, to the newer methods proposed in this plan.

Environmental and Physical Performance Standards

Except for the Hydro-corridor, The BiOp only generally describes the types of performance
standards that may be derived for Habitat and Hatchery areas. For the Hydro-corridor the
standards take the form of flow targets and spill and transportation schedules, intended to
maximize smolt survival. In terms of developing specific sets of habitat and environmental
indicators for the three geographic zones, the BiOp offers only general guidance.

Population-Based I ndicator s

To determine changes in population growth rate and abundance, spawner escapement and
removals must to be estimated. Removals may be caused by passage mortality or in-river
harvest. Different species offer different opportunities for estimating spawner escapement. For
example, redds counts have generally been adopted as acceptable for tributary spawning
chinook. In contrast, steelhead redds can be difficult to observe during spawning periods when
flows are high, thus other enumeration techniques may be required. For mainstem spawning
species like fall chinook, deep water redds are difficult to identify, so dam counts must usually
suffice.

Defining the goals of the proposed monitoring effort is a fundamental first step. To initialy
define performance measures, the data requirements of existing analytical processes have been
used. For example, the life cycle analyses employed in the BiOp requires annual estimates of
age composition and sex ratio for the returning adults. In compiling thislist of candidate
performance measures the data needs were not restricted to BiOp driven analyses, to alow for
broader applications as well. Furthermore, future models for population viability and other BiOp
applications may change, requiring additional data (e.g., spatial population structure, life history
diversity).

Candidate fish population indicators/performance measures are:

Adult Life Stage-

Adult counts: weir or dam counts.

Spawners. carcass or redd counts.

Removals by fisheries or passage mortality

Hatchery fraction of natural spawning fish: hatchery marks.
Sex ratio of spawners or adults: carcass surveys or traps.
Age structure: scale or length analysis.

Sk whNE

Juvenile Life Stage-
1. Abundance estimates at strategic locations by life stage
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The enumeration or estimation of spawner abundance is required to conduct the BiOp-specified
performance standard tests. Estimates of juvenile abundance are necessary to generate estimates
of survival, SARs, and as population status indices. Opportunities to obtain useful juvenile
indicators will vary by ESU. For example, Sreke River fall chinook are particularly
problematic. They migrate throughout the year in the mainstem, including periods when
sampling devices are inactive. However, whenever possible, juvenile abundance should be
estimated for populations/ESUs.

L andscape Classification Indicators

Both status monitoring and AER require landscape classification. The purpose of classification
is to describe the “setting” in which habitat actions occur. Classification will also aid in
identifying potential reference or control areas. Thus, the classification system needs to include
both ultimate and proximate control factors (Naiman et al. 1992). Ultimate controls include
factors such as climate, geology, and vegetation that operate over large areas, are stable over
long time periods, and act to shape the overall character and attainable conditions within a
watershed or basin. Proximate controls are a function of ultimate factors and refer to local
conditions of geology, landform, and biotic processes that operate over smaller areas and over
shorter time periods. These factors include processes such as discharge, temperature, sediment
input, and channel migration. Ultimate and proximate control characteristics help define flow
(water and sediment) characteristics, whichin turn help shape channel characteristics within
broadly predictable ranges (Rosgen 1996).

To meet these identified needs the tributary monitoring plan includes a classification system that
incorporates the entire spectrum of processes influencing stream features and recognizes the
tiered/nested nature of landscape and aguatic processes. This system captures
physical/environmental differences spanning from the largest scale (regional setting) down to the
channel segment (Table 3.1). By recording these descriptive characteristics, an assessment of
differential responses of habitat and fish indicators to habitat actions within different classes of
streams and watersheds is possible. Attachment 1 describes methods for measuring

classification variables.
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Table 3.1. List of classification variablesthat will be measured as part of status monitoring
and effectivenessresearch. Thevariablesare nested according to spatial scale and their
general characteristics. Recommended sampling protocolsare also included (Tableis
modified from Hillman and Giorgi 2002).

Spatial General Classification variable Example protocols Sampling
scale characteristics frequency (years)
Regional Ecoregion Bailey classification Bain and Stevenson (1999) 20
settin
g Omernik classification Bain and Stevenson (1999) 20
Physiography Province Bain and Stevenson (1999) 20
Geology Geologic districts Overton et a. (1997) 20
Drainage Geomorphic Basin area Bain and Stevenson (1999) 20
basin features - ) :
Basin relief Bain and Stevenson (1999) 20
Drainage density Bain and Stevenson (1999) 20
Stream order Gordon et al. (1992) 20
Valley Valley Valley bottom type Cupp (1989); Naiman et al. (1992) 20
ment characteristics
= Valley bottom width Naiman et al. (1992) 20
Valley bottom gradient Naiman et . (1992) 20
Valley containment Bisson and Montgomery (1996) 20
Channel Channel Elevation Overton et al. (1997) 10
segment characteristics
Channel type (Rosgen) Rosgen (1996) 10
Bed-form type Bisson and Montgomery (1996) 10
Channel gradient Overton et a. (1997) 10

Riparian veg.

Primary vegetation type

Platts et al. (1983)

5

Spatial Scale of Environmental / Biological Indicators
Action effectiveness research can be conducted at different spatial scales, depending on the
objectives of the study. For example, it is possible to assess the effect of a habitat action on a
specific ESU (which may encompass several populations), a specific population (may include
severa sub-populations), at the sub-population level (may erncompass a watershed within a
basin), or at the reach scale. Clearly, the objectives and hence the indicators measured dictate
the spatial scale at which action effectiveness research is conducted. For example, if the
objective is to assess the effects of nutrient enhancement on egg-smolt survival of a specific sub-
population of spring chinook, then the spatial scale covered by the study must include the entire
areainhabited by the eggs, fry, parr, and smolts. If, on the other hand, the objective is to assess
the effects of a sediment reduction project on egg-fry survival of aloca group of spring chinook
(i.e., chinook within a specific reach of stream), then the study area would only encompass the
reach of stream used by spawners of that local group.

In theory there might be no limit to the scale at which effectiveness monitoring can be applied,
but in practice thereisalimit. Thisis because as the spatial scale increases, the tendency for
multiple treatments (several habitat actions) affecting the same population increases (Table 3.2).
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That is, at the spatial scale representing an ESU or population, there may be many habitat actions
within that area. Multiple treatment effects make it very difficult to assess the effects of specific
actionson an ESU (see Hillman and Giorgi 2002). Even though it may be impossible to assess
specific treatment effects at larger spatial scales, it does not preclude the conduction of
effectiveness research at this scale. Indeed, it is possible to assess the combined effects of the
management actions on the ESU or population; however, additional effectiveness research is
needed at finer scales to assess the effects of individual actions on the ESU or population.

Table 3.2. Relationship between biological indicators, spatial scales, and the ability to
assess effects of specific management actions. Examples of each scale are shown in
parentheses.

Ability to assess effects
of specific management
Biological Indicators Example of spatial scales actions
ESU Basins Low
(Snake Spring/summer (Snake, Upper Coal.)
chinook, Upper Col. Spring ?
chinook)
? Basin
Population (Middle Fk. Salmon,
(Middle Fork Salmon spring Wenatchee)
chinook, Wenatchee spring ? ?
chinook)
? W ater shed
(Marsh Ck., Nason Ck.)
Sub-Population ?

(Marsh Ck. Spring chinook,
Nason Ck. Spring chinook) Reach

? (200 m. of Marsh Ck., 1 km of High

Nason Ck.)
Local Group

If the biological indicator of interest is some life-stage specific survival, as noted frequently in
the BiOp, the spatial scale for most life-stage specific survivals (fry-parr, parr-smolt, egg-smolt,
spawner-adult recruit) should be equal to the area occupied by a specific sub-population. Here,
sub-population is defined as the smallest geographic unit where juvenile life-stage surviva can
plausibly be assumed to be independent of other sub-populations. It is not possible to measure
independent fry-parr, parr-smolt, and recruit-per-spawner survival rates at smaller scales because
of mixing and migration. For egg-fry surviva, the spatial scale could be smaller because eggs
and aevins are more confined in space than are fry and parr, which tend to move both upstream
and downstream from spawning locations. Although the sub-populations are similar to distinct
population segments (DPS), the DPS designation has other implications for management,
analysis of extinction probabilities, etc.
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Because of the conflict between spatial scale and multiple treatment effects, and thus the ability
to assess specific management actions, there may be times when the effects of individual habitat
actions on life-stage specific survival of specific sub-populations cannot be effectively analyzed.
This can, for example, occur if multiple actions may increase parr-smolt survival rates for a
particular sub-population. These might include riparian plantings, irrigation screening, and flow
increases. In this case, it will be necessary to measure other indicator(s) to assess the
effectiveness of specific habitat actions. Other biological indicators identified in the BiOp
include distribution, abundance, growth, and condition. In addition, the BiOp calls for the
monitoring of physical/environmental attributes. These too can be used to assess the effects of
habitat actions. Therefore, to establish the linkages between habitat actions and biological
indicators as called for in the BiOp, physical/environmental indicators must be measured. These
studies often can be conducted at scales small enough to avoid treatment effects from multiple
habitat actions. They can also help infer which action or actions had the greatest affect on life-
stage specific survival at the sub-population scale.

D. Guidelinesfor the Implementation of a Tributary Monitoring Program

Status Monitoring

The following sections briefly outline the proposed guidelines for implementing a status
monitoring program targeting salmonid ESUs listed under the ESA. They may also have broader
application for resident fish populations and their habitats. The Action Agencies and NMFS
suggest that if the guidelines are implemented the status monitoring program will likely meet the
needs of the BiOp and may satisfy broader regiona goals.

Ecosystem Level Status Monitoring

Much of the critical data for assessing ecosystem status should be collected at a watershed to
sub-basin scale. There are two classes of landscape- level ecosystem attributes: salmonid species
presence/absence and environmental/habitat conditions. Both fish and environmental data
should be compiled and reported every 5-10 years, athough sampling may occur in more
frequent time-steps.

Tasks will include:
1. Theacquisition and digitizing of aerial or satellite imagery of the entire Columbia River
Basin, for key landscape attributes.
2. Survey the presence/absence of adult anadromous salmonids to document range
expansion or contraction.

Landscape-level data collection will allow a more detailed assessment of land use and land cover
variables than is currently available. This assessment, in turn, will allow the association of
potentially important watershed-level characteristics with salmon population status. In addition,
repeated collection and assessment of the variables through time will alow analysts to assess if
changes in environmental characteristics are associated with changes in salmonid population
status. These data will have value for resource and wildlife management well beyond listed
salmon species.

Guidelines: Ecosystem status indicators:
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1. Clearly identify the appropriate geographic scales (e.g. sub-basin, watershed) ard
resolution (e.g., 1:24k, 4m pixels) at which the status indicators are measured.

2. ldentify the indicators that will be directly measured (e.g. fish presence/absence, DEM)
to estimate ecosystem status.

3. Describe the method used for determining derived indicators (land classification, stream
network).

4. Provide an assessment of the accuracy and precision associated with the proposed
methods for estimating indicator values.

The Action Agencies and NMFS will rely heavily on federal land use agencies and state agencies
to identify a set of key environmental/habitat indicators that should be monitored at the
landscape scale, although this plan does offer some suggestions including geology/soils, land
classification, stream network, DEM, roads, passage barriers, and land ownership. Other sources
of input that will help refine this monitoring effort are ongoing programs such as The Pecific
Northwest Ecosystem Research Consortium, which has described sampling methods and
associated precision estimates for these indicators, as well as AA funded pilot scale research
described in subsequent sections. If coordinated and evaluated in aregiona forum, these
programs, both ongoing and recently initiated, may provide the raw materia for a broader
regional program.

Population Status Monitoring-Adults:

In order to track the status of a population, spawner escapement and removals en route to the
spawning ground must be estimated. In the Columbia River Basin, redd counts have generally
been adopted as acceptable for tributary spawning chinook. However, for some ESUs, or in
deeper water mainstem systems, redds are difficult to observe during spawning periods when
flows are high, and are not particularly useful for estimating escapement using traditional peak
count methods. In these cases alternative approaches/technol ogies should be explored. For
example, approaches applied by the Oregon Department of Fish and Wildlife Corvallis Research
Lab indicate that cumulative steelhead redd counts may be a reliable method for estimating adult
steelhead abundance (Jacobs et al. 2001), while counts of spawners based on sonar or
videography have been successfully applied to populations in the Snake River ESUs. Recent
work by the USFS Rocky Mountain Research Lab has begun to address the measurement error
associated with a variety of types of redd count methods (Dunham et a. 2001, Thurow 2000).

Guidelines: Population Satus-Adult Life Stage:
1. Clearly identify the demographic scale (e.g. population, ESU, deme; wild/natural or
hatchery origin) for which abundance estimates will be produced.

2. Demonstrate that the target unit is readily distinguishable from other sympatric
population units (e.g. spawning location, timing, etc.).

3. Identify the performance measure or indicator that will be monitored/enumerated (e.g.
redds, carcasses, weir counts, dam counts etc.) in order to estimate spawner escapement. |If
multiple methods (e.g., weir counts and redd counts) are used to enumerate the same
population, specify. If multiple methods are used, systematic, statistically sound methods
should be used to carefully compare the resuilts.
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4, Describe the method used to enumerate the indices, e.g., aerial or ground surveys, peak or
cumulative (repeated) counts, and the error associated with the method.

5. Specify any expansion factors (e.g. spawners/redd, expansions beyond index areas) or
other adjustments (e.g. harvest removals, passage mortality) that need to be applied to the
raw counts. Provide the rational e supporting the use of those expansion factors, how the
factors change over time, how they are estimated, and assess their reliability.

6. Provide estimates of the annual age structure of the sampled population, and how thisis
estimated.

7. Provide an assessment of the accuracy and precision associated with the proposed
methods for estimating spawner escapement, or total numbers of returning adults.

Proposed precision targets (Coefficient of Variation: CV = 100 x standard deviation/mean for
controllable variance components, e.g., within year, within population, across field crews, unless
otherwise noted) associated with key indicators are to be CV < 15%, unless noted otherwise. All
data needs to identify precision. It is assumed that estimates are unbiased, and monitoring
groups can verify thisempirically. Data will be collected on an annual basis at the sub-basin
scale:

Adults, Spawners, or Redds

Age structure of spawning population

Sex ratio of spawning population

Fraction of naturally spawning fish that are of hatchery origin.

Recent work by ODFW (2002), IDFG (Kiefer et al. 2002) and Jacobs and Nickelson (1998)
suggest protocols and sampling methods that may provide satisfactory precision for the above
indicators.

Population Status Monitoring-Juveniles:

The abundance of juvenile salmonids in tributary habitats can be a useful indicator of population
productivity. Some measure of juvenile production for each listed ESU would be advantageous,
however information in selective sub-basins may have to suffice. The juvenile component of the
status monitoring program seeks to generate at a minimum atrend in the juvenile production
index at the sub-basin scale, but when possible should generate the status of the juvenile
population by demographic unit. In most cases, population size estimates will be based on
sampling by trap, snorkeling, or mark recapture. Often such estimates are so coarse they are
characterized as general indices. Depending on the life stage of interest (fry, parr, smolt)
sampling opportunities vary.

Guidelines: Population Satus-Juvenile Life Stage:
1. Clearly identify the demographic unit (e.g., population, ESU, deme; wild/natural or
hatchery origin) over which sampling will take place.

2. Clearly identify the spatial scale represented by each samples (e.g., reach, watershed,
basin).
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3. ldentify the performance measure or indicator that will be monitored (e.g. summer/winter
juveniles, outmigrating smolts). If different methods are used to enumerate the same
population, specify. If multiple methods are used, systematic, statistically sound methods
should be used to carefully compare the resuilts.

4. Describe the method used for enumerating the indices, e.g., snorkel surveys, electro-
fishing, smolt trap, and the error associated with the method.

5. Specify any expansion factors (e.g. expansions, trap efficiency) or other adjustments
(e.g., daylight trapping only) that need to be applied to the raw counts. Provide the
rationale supporting the use of those expansion factors, how the factors change over time,
how they are estimated, and assess their reliability.

6. Provide an assessment of the accuracy and precision associated with the proposed
methods for estimating juvenile abundance or an index of juvenile abundance.

Precision targets (CV < 15%) associated with key indicators are proposed. It is assumed that
estimates are unbiased. Data will be collected on an annual basis at the sub-basin scale:
Estimate abundance of instream juveniles
Estimate out- migrating juveniles
Age/size classes of sampled juveniles
Condition of sampled juveniles

A recent work by Rodgers (2000) and previous papers by Hankin and Reeves (1984, 1988)
suggest protocols for sampling methods that provide satisfactory precision for the above
indicators.

Habitat Status Monitoring:

The goal of habitat or environmental status monitoring is to quantify and characterize the
condition of habitat occupied by listed anadromous salmonids at the appropriate geographic
scales. Information derived from these analyses may be useful to describe the current
environmental conditions that support native salmonids and to develop associations with
populations trends. The responsibility for monitoring environmental conditions in the hydro-
corridor is clearly the responsibility of the Action Agencies. The responsibility for
environmental/habitat monitoring in the tributary and estuarine zone will be jointly shared with
established programs like EMAP, PACFISH/INFISH, the OR Plan, WA CMS, and the Lower
Columbia River Estuary Plan. Guidelines proposed here are generic and may be appropriate for
all applications.

Guidelines: Environmental/Habitat Status Monitoring:
1. Clearly identify the appropriate geographic scales (e.g. province, ecoregion, subbasin, etc.)
for sampling.

2. Identify the indicators that will be monitored (e.g. land cover, habitat types, stream
temperature, summer base flow, etc.).

3. Describe the protocol for measuring or estimating each indicator.

3. TRIBUTARY RME PLAN 37



4. Provide an assessment of the accuracy and precision associated with the proposed methods
for estimating indicator values.

5. Describe the known or probable relationships between environmental attributes and salmonid
productivity.

6. What isthe status of environmental attributes potentially affecting salmonid populations?
7. How do these attributes change through time?
8. Assess the associations between environmental attributes and salmonid population status.

Candidate indicators and suggested precision (CV) are proposed for habitat attributes at the sub-
basin scale for annual estimates. All estimates must be unbiased. The following list may be
changed (expanded/contracted) as the program is developed further.

Biological Condition (CV < 15%)
Macroinvertebrate index or assemblage.
Fish and amphibian assemblage.

Chemica Water Quality (CV < 15%)
Dissolved oxygen.
pH.
Conductivity.
Nutrients (N and P).
Solids.
Pesticide and heavy metal contamination.
Stream temperature.

Physcal Habitat (CV < 25%)
Channel Form
Valley Form
Valley Width
Geomorphic channel
Channel Substrate
Canopy cover
Large woody debris
Riparian vegetation
Land use
Number of diversions or dams
Qualitative or quantitative assessment of erosion processes
Channel modification
Instream flow

References describing protocols for sampling methods that provide the desired precision include:
Attachment 1, Hillman and Giorgi 2002.
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Kaufmann P.R. et al. 1999, Thom, B.A. et al. 1999.

ODFW Habitat sampling protocol manuals. Jones & Moore 1999, Moore et al. 1997.
ODEQ Habitat sampling protocol manuals/reports: OPSW 1999, Hubler 2000, Drake 1999,
Canale 1998.

Statistically based sampling design for status monitoring

For the systemwide status monitoring program to be both accurate and cost effective, data must
be gathered using a rigorous, unbiased sampling design. Sampling designs for spatially explicit
data such as habitat surveys are quite complex. The sampling scheme must provide information
on the status and trends in abundance, geographic distribution, and productivity of listed
anadromous salmonid populations and their habitat at the population to sub-basin scale. The
sampling design must estimate these quantities with no bias and known precision. The primary
concern is selecting sites across a large spatial area without inflating the variance or biasing the
estimate. The traditional sampling approach, simple random samples, has the potential to inflate
variance and bias the estimators because the samples can end up clumped in space. The next
generation of sampling schemes, stratified random sampling, addresses the spatial distribution of
sitesif the strata are themselves evenly distributed, but has the potential to introduce hidden
biases if the strata are not correctly chosen. In addition, stratification always requires more
samples to maintain power across strata. For landscape-scale sampling the ideal system has
built-in spatial distribution —sampling on a grid rather than randomly across space.

For grid-based sampling, the question becomes one of grid shape and site selection. Randomly
selected points on the grid will generate the least biased estimators, but can suffer the same
problem as ssimple random samples if the grid units are too small relative to the area of interest.
There are many grid-based site selection techniques that provide probabilistic samples that
generate unbiased estimates of status and trend. The US Environmental ProtectionAgency’s
Environmental Monitoring and Assessment Program (EMAP) is an example of a spatially
balanced environmental monitoring site selection process especialy designed for aquatic
systems. The state of Oregon has successfully implemented an EMAP based sampling program
for coastal coho salmon (Moore 2002). The monitoring program as implemented in Oregon is
gpatially explicit, unbiased, and has reasonably high power for detecting trends. The sample
design is sufficiently flexible to use on the scale of multiple large river basins and can be used to
estimate the numbers of adult salmon returning each year, the distribution and rearing density of
juvenile salmon, productivity and relative condition of stream biota, and freshwater habitat
conditions. In addition, the EMAP site selection approach supports sampling at varying spatial
extents. All grids are interpenetrating so that a lower density grid is a subset of all higher density
grids.

Tributary Restoration Action Effectiveness Resear ch

Although the BiOp does not specify how habitat actions would be monitored, it does identify
some general guidelines. For example, it stipulates that the Plan must quantify the effects of
habitat actions, must measure changes in life-stage survivals, and must be able to identify the
mechanisms by which the actions affect survival. Based on these guidelines, there are three
objectives to be considered in developing the AER Plan:
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1. Design a monitoring plan to detect life-stage survival changes (e.g., egg-fry, fry-parr,
parr-smolt, spawner-adult recruit), local changes in distribution, and changesin
physical/environmental conditions.

2. Design aplan to detect cause-and-effect relationships between habitat actions and effects
on tributary environment and fish survival rates.

3. Design aplan to assess the effects of habitat actions at different spatial scales (i.e., ESU,
population, subpopulation, and reach scales).

In response to the above constraints, a two-pronged approach to habitat restoration action
effectiveness research is recommended. The first approach is an extensive, top-down approach
that monitors all treatment sites in a given geographic area (watershed to subbasin scale). The
second is an intensive, bottom- up approach that monitors a large number of actions of the same
class (e.g., riparian plantings or irrigation screening) across a broad, possibly discontinuous,
region. Both will monitor a standard set of environmental and biological variables at treatment
sites and control sites (chosen to be as similar asis practicable to treatment sites). The project
based approach will aso monitor variables specific to a given action class (e.g., entrainment on
irrigation screens). Both approaches recognize that resource managers cannot control what,
when, where, or how hebitat actions are implemented and allow for the loss of control units, by
having alarge number of control sites. In addition, the watershed scale approach allows for
multiple treatment effects.

As noted, the watershed scale approach is designed to monitor all habitat actions within a
watershed or subbasin. Although this may seem like overkill, there is no existing information
that allows an assessment of the minimum number of each type of habitat action that should be
monitored to measure a statistically significant or biologically important change in habitat
conditions and fish survival. If al habitat actions are monitored within afew pilot watersheds,
those data can be used to estimate the minimum number (sample size) of each habitat type
required to identify treatment effects reliably. Recommend sample sizes for the remaining
watersheds within the basin can then be generated.

Although the watershed scale approach should be able to quantify the effects of habitat actions
and will likely be sensitive enough to measure changes in life-stage survivals, there is no
guarantee it will be able to identify clearly the mechanisms by which the actions affect changes
insurvival. Thisis potentialy disturbing not only because it may not be possible to trace the
effects of habitat actions through various components of the ecosystem, but under the influence
of multiple treatment effects, it may not even be possible to link life-stage survival changes to
specific habitat actions. Therefore, by itself, the watershed scale approach may not completely
satisfy the requirements of the BiOp.

The NMFS BiOp requires the Action Agencies (AA) to assess the effects of tributary habitat
actions on the survival of listed stocks. As described above, the tributary AER plan recommends
two different but related programs to detect the effects of the habitat actionsin tributary streams.
The project based program is a bottom up approach that addresses the effects of specific classes
of habitat actions on fish and their environment. This approach seeks to identify mechanisms
that explain cause-and-effect relationships within each class of habitat actions. As such, it will
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also monitor additional variables beyond those used in the watershed scale approach (e.g.,
entrainment in irrigation screens, or macro-invertebrates in riparian planning areas). An implicit
assumption of this approach is that this program would be implemented by knitting together a
substantial number of individual AER projects.

The watershed scale approach, on the other hand, focuses on how the suite of existing and future
habitat actions can be used to address the requirements of the BiOp. This approach assumes that
different classes of habitat actions will occur within a given stream or watershed. This approach
is applicable where there is little to no control over how, when, or where habitat actions are
implemented.

Watershed Scale Approach

The watershed scale approach is designed to address the effects of both existing (ongoing)
activities and new or future activities on listed anadromous salmonids. Like the project based
approach, this approach accepts the implementation of habitat actions at any time and does not
assume that researchers can control where or how the actions are implemented.

The watershed scale approach has five parts:

1. Identify habitat actions that are or have been implemented;

2. Classify the landscape within the entire region of potential monitoring;

3. Present hypotheses for the effect of actions;

4. Collect datawithin a stratified scheme that includes:
- Monitoring the same subset of indicators at all treatment (action) and control sites;
- Monitoring a consistent set of sub-population and biological productivity indicators at a

number of key informative locations;

5. Estimate the magnitude of effects on fish associated with habitat actions (pathways 1 and

2inFigure 3.1).

Habitat Actior

TR

Physical/Environmental —3—» Fish Survival/Conditior

Figure 3.1. Direction of effects from habitat action to changesin the
physical/environmental conditions and biological conditions.

Experimental Design
Classification of watersheds

Prior to conducting action effectiveness research, it will be necessary to classify the ecologic and
geologic characteristics of the landscape supporting distinct sub-populations.” Investigators

7 Asnoted earlier, “sub-population” denotes the smallest geographic or population unit where life-stage survival rates can be
estimated independently. The Technical Recovery Team is charged with designating Distinct Population Segments.
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should use the classification protocols identified in Table 3.1. Attachment 1 describes methods
for measuring classification variables.

Detecting changesin survival due to habitat actions

The following guidelines for detecting survival changes are based on a couple of straight-
forward considerations. First, the main driver for effectiveness monitoring is changes in survival
rates. Second, as noted above, below the sub-population scale it makes little sense to try to
measure survival rates. To make a difference in adult abundance over time (or ?, recruits-per-
spawner, etc.), changes in life-stage survival rates must eventually transate into changesin
survival or growth rates for adults. Any tributary action that only affects a portion of the sub-
population will have a proportionately small effect on population growth rates. Although
juveniles are generaly thought to migrate downstream on net (e.g., Bjornn 1978), they are highly
mobile. Therefore, amost any action, to be effective at increasing adult numbers, must affect
most or all of the target sub-population.

As described earlier, there are a few exceptions to this general rule. One would be measurements
of localized effects of actions on fish distribution and on the environment, which is covered in
later sections. Another might be measuring the survival effects of actions that affect only a
portion of the population’s spawning area. Here, egg-fry survival can be monitored at the reach
scale. Finaly, multiple treatment effects at the sub-population scale may force us to conduct
effec